In this paper, we investigate the lower bounds for the blow-up time of the nonnegative solutions of porous medium equation with Neumann boundary conditions. We find that the blow-up time are bounded below by t * ≥ ∞ φ(0) dη Γ(η) for some computable function Γ(η).
Introduction
In this paper we are concerned with the lower bounds for the blow-up time of solutions of following porous medium equation with nonlinear flux on the boundary,
, (x, t) ∈ ∂Ω × (0, T ), (1.2) u(x, 0) = u 0 (x), x ∈ Ω, (1.3) where m > 1, the nonnegative initial value u 0 (x) ∈ C(Ω) L ∞ (Ω), Ω is a bounded star-shaped region convex in two orthogonal directions in R 3 with the sufficiently smooth boundary ∂Ω, ν is the unit normal vector on ∂Ω, T is the blow-up time if blow-up occurs, or else T = ∞.
There is an extensive literature on the bounds for the blow-up time of solutions of porous medium equation with non-linear sources and its linear counterpart-the heat equation, see [1, 2, 3, 4, 5] , for other interesting results, see [6, 7, 8] . A variety of methods have used to determine the blow-up of solutions often indicate an upper bound for the blow-up time. In practical situations, we need to know the lower bound. In 2007, Payne and Schaefer [9] considered an initial-boundary value problem for the semilinear heat equation whose solution may blow up in finite time. They use two different methods to determine the lower bounds on blow-up time if blow-up occurs. In 2010, Payne, Philippin and Vernier [10] considered a semilinear heat equation with nonlinear boundary condition (m = 1 in (1.1)), and establish conditions on nonlinearities sufficient to guarantee that u(x, t) exists for all time t > 0 as well as conditions on data forcing the solution u(x, t) to blow up at some finite time t * . When N = 1, the blow-up phenomena for the solutions of the porous medium equation with nonlinear flux on boundary had also been studied by several authors [10, 11] . In our pervious paper [11] , we had found that if the absorption is more powerful than the nonlinear boundary-flux, then the solutions of the problem (1.1)-(1.3) exist all the time on the bounded star-shaped region, on the other hand, if the nonlinear boundary-flux is more powerful, then the solutions of the problem (1.1)-(1.3) blow-up on a finite time. Moreover, we had given the upper-bound estimates for the blow-up time.
Our interesting in this paper is to find the low-bound estimates of the blow-up time for Problem (1.1)-(1.3). Here we have used some ideas of [10, 11, 4] . Our main result is the following theorem. 
Theorem 1.1. Let u(x, t) be the nonnegative solution of problem
(1.1)-(1.3), f (ξ) ≥ k 1 ξ p , ξ ≥ 0, (1.4) 0 ≤ g(ξ) ≤ k 2 ξ 1+ n 2 , ξ ≥ 0,(1.for p = n + 1 or by T ≥ ∞ φ(0) dη c 1 η+ c 3 η 3 = 1 2c 1 ln 1 + c 1 c 3 φ −2 (0) for p < n + 1.
Remark 1.1. Note that u(x, t) exists all time when
Clearly if f (u) satisfy (1.4) with k 1 > 0, then if blow-up occurs it will at a time later than that when f (u) = 0.
Proofs of Results
Proof. To begin with the proofs, we define the auxiliary function
which satisfies a first order differential inequality of the form φ (t) ≤ Γ(φ) for some computable function Γ(φ). Making use of (1.1)-(1.3), (1.4)-(1.5) and divergence theorem, we obtain φ (t) =2n
with ρ 0 = min 
, we obtain 
valid for a bounded star-shaped region Ω in R 3 assumed to be convex in two orthogonal directions and for λ > 0. Combining (2.8) and (2.9), we obtain 
For μ > 0 small enough, we then choose λ > 0 such that c 4 = 0 and we can obtain
In the particular case p = n + 1, (2.11) then reduces to So we complete the proof of our main theorem.
